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„ £ im o. A SNOW-TRAIL GROOMING VEHICLE 

.4'' AND METHOD FOR CONTROLLING SAME 

FIELD OF THE INVENTION 
[0001] The invention relates to a method for 
controlling a snow-trail grooming vehicle. The invention 
also relates to a snow-trail grooming vehicle to carry 
out the method of the invention. 

BACKGROUND OF THE INVENTION 
[0002] A snow-trail grooming vehicle is known from the 
international patent publication WO 01/55511 A2, with 
which a vehicle speed can be detected above a snow 
surface by means of a radar speed detector arranged on 
the vehicle. The chain speed is compared with this 
vehicle speed and a slip is calculated from these values. 
Based on the calculated slip a chain tension can be 
automatically . adjusted. The snow-trail grooming vehicle 
described in this reference provides furthermore that an 
operator specifies, when using a half -pipe shaver , a . 
target angle and a tolerance for the half -pipe shaver. 
The actual operating angle of the half-pipe shaver is 
monitored and the half-pipe shaver can be automatically 
controlled in view of a maintaining of the target angle. 
The thickness of the snow under the vehicle can be 
determined by means of radar penetrating through the snow 
to the earth, and a map with snow-thickness informations 
can be set up by combining the thickness of the snow 
determined by means of the radar and by means of position 
data collected by a GPS navigation system. The snow- 
trail grooming vehicle has detecting and indicating 
devices for a slope incline and for the adjustment of 

snow-trail g roomin g devi ces . 

[0003] The operation of a snow-trail grooming vehicle 
is simplified with the invention. 
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SUMMARY OF THE INVENTION 
[0004] According to the invention, a method for 
controlling a snow-trail grooming vehicle, especially for 
distributing the driving power, which is made available 
by a drive motor onboard the snow-trail grooming vehicle, 
onto a chain or track drive and further consumers, is 
provided, with which method the distribution of the power 
occurs by control of a central processing system, whereby 
by means of the central processing system a varying 
distribution of the power can be adjusted in dependency 
of a given changeable prioritizing of the drive of at 
least one consumer and/or of groups of consumers . 
[0005] With a prioritizing of the drive or of 
consumers it can, for example, be assured that a snow- 
trail grooming vehicle prepares a snow trail to an 
optimum even when the operator is inexperienced, for 
example, by a shaving power being at all times sufficient 
in order to achieve a desired snow-surface quality. By a 
prioritizing of the shaver it can be avoided that due to 
an error in operation too little shaving power is 
available in order to achieve the desired result. On the 
other hand, getting the snow-trail grooming vehicle stuck 
on a steep slope can be avoided by a prioritizing of the 
chain or track drive when in critical situations the 
driving power, which is made available for further 
consumers, for example a rear shaver, is clearly reduced. 
Besides the drive consumers are, for example, a rear 
shaver, a front snow blower, a clearing blade, a cable 
winch, a motor-cooling or oil-cooling fan, a half-pipe 
shaver, a cross country ski trail grooming device or the 
like. It is moreover possible to prioritize groups of 
consumers. For example, it is possible to prioritize a 
cable winch and the drive on steep sections and during a 
winding operation. To achieve a most optimum snow- 
surface quality, it could be possible to prioritize a 
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group of consumers, which consist of the clearing blade 
and a rear shaver. 

[0006] A prioritizing of the driving power, at least 
of one snow-trail grooming device and/or a cable winch, 
can be selectively adjusted in a further development of 
the invention. 

[0007] A clear improvement is achieved in this manner 
through a clear control input. Thus it is, for example, 
possible to prioritize the driving power during pure 
traveling operation, whereas during the grooming 
operation one or several snow-trail grooming devices are 
prioritized. When the cable winch is utilized on steep 
sections, the cable winch is always prioritized. With 
the described prioritizings, it is already possible to 
avoid a large part of common operating errors. 
[0008] Threshold values for the driving power 
available for the further consumers - and/or the drive are 
in a further development of the invention specified 
during the prioritizing of individual consumers. 
[0009] In this manner it can, for example, be 
prevented that a snow-trail grooming vehicle is stopped 
during a prioritizing of snow-trail grooming devices 
since sufficient power no longer exists for the chain or 
track drive. In reverse, it can, for example, be 
prevented that during a prioritizing of the chain or 
track drive insufficiently worked snow surface is 
achieved by making sure that the snow-trail grooming 
devices have sufficient power available for achieving a 
satisfactory result. 

[0010] A further development of the invention provides 
that the threshold values are specified for output 
parameters of the driving power, like driving speed, 
and/or output parameters of the further consumers, like 
shaving speed. 
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[0011] These measures assure on the one hand a 
continuous sufficient traveling power of the snow-trail 
grooming vehicle, and a continuous satisfactory quality 
of the worked snow surface. 

[0012] A further development of the invention provides 
that in dependency of environmental parameters, like 
slope incline, cable-winch operation, snow thickness, 
snow temperature and/or snow height, a change of the 
prioritizing is suggested by the processing system to an 
operator or is automatically carried out. 
[0013] These measures make the operation of a snow- 
trail grooming vehicle significantly easier since the 
necessary change of a prioritizing is suggested to an 
operator or is even taken away from him. For example, 
during transitions from flat sections to steep sections a 
switching between a prioritizing of snow-trail grooming 
devices and to a prioritizing of the driving power should 
occur in order to prevent the snow-trail grooming vehicle 
from getting stuck. By carrying out such a change 
automatically in dependency of a slope incline, operating 
errors are avoided. As a result of the change of the 
prioritizing it is, for example possible to automatically 
reduce the shaving depth of a rear shaver and/or a 
bearing pressure thereof on the snow surface. It is 
also, for example, possible to change in dependency of 
the slope incline the position of a clearing blade in 
order to prevent the so-called digging in of the snow- 
trail grooming vehicle. Moreover, it is possible, for 
example, during a transition from natural snow to 
artificial snow, which can be determined using the snow 
thickness and snow temperature environmental parameters, 
to carry out a varying prioritizing and also adjustment 
of the snow-trail grooming devices in order to at all 
times achieve a snow surface which has been worked to an 
optimum. 
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[0014] A further development of the invention provides 
that by controlling the central processing system an 
adaptation of the adjustment of the drive motor,, of a 
hydraulic pump driven by the drive motor, and of a 
hydrostatic gear of the chain or track drive is carried 
out in order to obtain the desired distribution of the 
power with little power loss. 

[0015] An optimization of the efficiency can be 
achieved with these measures through the adaptation of 
motor , pump and gear adjustment. 

[0016] A further development of the invention provides 
that by controlling the central processing system a 
braking power created by means of a hydraulic brake or a 
hydraulic pump coupled with the gear drive is distributed 
onto the several consumers. 

[0017] In this manner it is possible, for example, 

during downhill travel that the rear shaver is driven 
through the braking power. The energy consumption of a 
snow-trail grooming vehicle can through this be clearly 
reduced. 

[0018] A method for controlling a snow-trail grooming 
vehicle with a central processing system provides 
advantageously that traveling programs, which can be 
specified by means of the central processing system, can 
be specified on the basis of which the central processing 
system suggests to an operator or automatically carries 
out an adjustment of a drive motor, of a drive, and/or of 
further consumers, like a snow-trail grooming device or a 
cable winch. 

[0019] Even an inexperienced operator of a snow-trail 

grooming vehicle can achieve through these measures a 
desired snow surface or a desired snow-trail profile. 
For example, a desired snow-surface quality can be 
specified, and the central processing system adjusts the 
provided snow-trail devices or suggests their adjustment 
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so that the desired result is achieved. For example, it 
is also possible to specify a traveling program for 
creating a slalom course with high-bank curves, pursuant 
to which the central processing system suitably adjusts 
the drive, the clearing blade and a rear shaving device 
in order to achieve the desired contour and snow-surface 
quality of the slalom course. As an alternative, a 
traveling program can be adjusted for transport purposes, 
with which program a maximum traveling speed is achieved. 
Furthermore, traveling programs are possible in order to 
achieve a maximum hill climbing ability or a minimum 
energy consumption. 

[0020] A further development of the invention provides 
that the adjustment of the drive motor, of the chain or 
track drive, and/or of further consumers within a 
traveling program occurs in dependency of environmental 
parameters, like the position of the snow-trail grooming 
vehicle, the height of the snow, the thickness of the 
snow, and the snow temperature, the slope incline and the 
like . 

[0021] It is possible in this manner to set up by 
means of a traveling program, for example, a fun park 
with a half-pipe shaver in dependency of a GPS position 

(global positioning system) of the snow-trail grooming 
vehicle. A further example is the variably high forming 
of moguls in dependency of the slope incline. Moreover, 
for example, when creating a ramp a desired ramp angle 
can be achieved. Also possible is the creation of a 
traveling path with high-bank curves at predefined 
positions in the terrain, which are determined by a GPS 
navigational system. 

[0022] With a method for controlling a snow-trail 
grooming vehicle, especially for determining a thickness 
of the snow, the thickness of the snow is advantageously 
determined by means of a resistance measurement of the 
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snow in the area of the snow-trail grooming vehicle and a 
subsequent processing of the measured values in a central 
processing system. 

[0023] It is possible in this manner, if necessary, in 

connection with a snow-temperature measurement, to 
differentiate between artificial snow and natural snow. 
For example, there exists also the differentiation 
between new snow and existing snow, crusted snow and 
other similar snow. This is of importance for a method 
for controlling a snow-trail grooming vehicle for the 
adjustment of snow-trail grooming devices. 
[0024] The resistance measurement occurs in a further 
development of the invention by means of at least two 
electrodes, which are in contact with the snow in the 
area of the snow-trail grooming vehicle and move along 
with the snow-trail grooming vehicle. 

[0025] A resistance measurement by means of at least 
two electrodes permits a reliable determination of the 
thickness of the snow with little effort. To improve the 
measuring results clearly more than two electrodes can be 
used in order to be able to find several obtained 
measured values. 

[0026] A method for controlling a snow-trail grooming 
vehicle provides advantageously that a measurement of the 
true traveling speed above ground occurs by means of a 
navigational system and that a measurement of a chain 
speed occurs, whereby in a central processing system 
there occurs a processing of the true traveling speed and 
of the chain speed in order to determine slip. 
[0027] In this manner it is possible to determine a 

true traveling speed reliably and by use of standardized 
navigational systems. The slip can be reliably 
determined in this manner by simple means. 

[0028] A further development of the invention provides 
that the central processing system checks and, if 
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necessary, changes in dependency of the determined slip a 
chain tension, a chain speed, and/or adjustments of snow- 
trail grooming devices. 

[0029] For example, when a large amount of slip 
occurs, a clearing blade and a shaver can be lifted or 
the chain speed can be reduced. 

[0030] A further development of the invention provides 
that a measuring of the true traveling speed occurs by 
means of a satellite navigational system, a terrestrial 
navigational system, and/or an inertial navigational 
system, and a processing of the collected data in the 
central processing system. 

[0031] In order to determine the true traveling speed 
various navigational systems or a combination of various 
navigational systems can be utilized. Especially through 
a combination of various systems a high precision of the 
determination of the traveling speed can be achieved. 
Such navigational systems can be, for example, the GPS 
system (global positioning system) , a radio bearing or 
optical bearing with cameras of terrestrial reference 
points, and/or a plotting of the path covered by one 
reference point by means of a gyrostatic compass. 
[0032] The invention relates also to a snow-trail 
grooming vehicle, comprising a drive motor, a chain or 
track drive, and further consumers and means for 
distributing a driving power onto the chain or track 
drive and/or the further consumers, in which a central 
processing system is provided for controlling the means 
for distributing the power, which has devices for 
specifying a changeable prioritizing of the chain or 
track drive or of the further consumers during the 
distribution of the power. 

[0033] A further development of the invention provides 
that the central processing system has devices for 
specifying threshold values for the power made available 
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to the chain or track drive or further consumers, and/or 
threshold values for output parameters of the drive 
and/or the further consumers. 

[0034] A further development of the invention provides 
in a snow-trail grooming vehicle means for determining 
environmental parameters, like the slope incline, cable- 
winch operation, thickness of the snow, temperature of 
the snow, and/or height of the snow. 

[0035] A further development of the invention provides 
that the inventive snow-trail grooming vehicle has a 
controllable hydraulic pump driven by the drive motor, 
and a controllable hydrostatic gear for the chain or 
track drive, and the central processing system has 
devices for adaptation of the adjusting of the drive 
motor, of the hydraulic pump, and of the hydrostatic gear 
of the chain or track drive with regard to little loss. 
[0036] A further development of the invention provides 
that the inventive snow-trail grooming vehicle is 
provided with a hydraulic brake or a hydraulic pump 
coupled to the gear drive, and the central processing 
system has devices for distributing a braking power, 
which is produced by the hydraulic brake or by the 
hydraulic pump, onto the several consumers. 
[0037] A snow-trail grooming vehicle has 
advantageously a central processing system and means for 
measuring the thickness of the snow, whereby the means 
for measuring the thickness of the snow have at least two 
electrodes, which are arranged in the form of a rake, for 
the resistance measurement of the snow. 

[0038] Such a rake can, for example, trail or can be 
arranged under the snow-trail grooming vehicle, and 
permits a reliable resistance determination of the snow 
in the area of the snow-trail grooming vehicle. When 
using several electrodes several measured values can be 
detected and averaged. The arrangement of the electrodes 
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in form of a rake permits, for example, also the 
simultaneous determination of the temperature of the snow 
by means of a temperature sensor arranged in the area of 
the electrodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0039] Further characteristics and advantages of the 
invention result from the claims and the following 
description of a preferred embodiment of the invention in 
connection with the drawings, in which: 

[0040] Figure 1 is a side view of an inventive snow- 
trail grooming vehicle with a clearing blade and a rear 
shaving device, 

[0041] Figure 2 illustrates an inventive snow-trail 
grooming vehicle with a front snow blower and rear 
shaving device, 

[0042] Figure 3 illustrates an inventive snow-trail 
grooming device with a clearing blade, a cable winch, and 
rear shaving device, 

[0043] Figure 4 is a front view of an inventive snow- 
trail grooming vehicle with a half-pipe shaving device, 
and 

[0044] Figure 5 illustrates a block diagram of an 
inventive control for a snow-trail grooming vehicle. 

DETAILED DESCRIPTION 
[0045] The invention will be discussed in connection 
with Figures 1 to 5. Whereas Figures 1 to 4 illustrate a 
snow-trail grooming vehicle with various snow-trail 
grooming devices, Figure 5 illustrates the operative 
control and connections between the individual 
components . 

C0046 L _ Accor din g to Figure 1 a snow-trai 1_ grooming 
vehicle 10 is provided with a clearing blade 12. The 
clearing blade 12 can be adjusted in its position in a 
conventional manner relative to the snow-trail grooming 
vehicle 10 by means of hydraulic cylinders. The snow- 
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trail grooming vehicle is furthermore equipped with a 
rear shaving device 14 and a so-called finisher 16. Also 
in a conventional manner it is possible to adjust the 
rear shaving device 14 and the finisher relative to the 
snow-trail grooming vehicle 10 by means of hydraulic 
cylinders, and a shaving speed of the rear shaving device 
14 can be changed. The snow-trail grooming vehicle 10 
has a drive motor, which is not shown in Figure 1, and 
which drives a hydraulic pump. The hydraulic output 
produced by the hydraulic pump is distributed by suitable 
means to the individual consumers, for example, a drive 
for chains or a track 18, the shaving drive of the rear 
shaving device 14, the hydraulic cylinders for adjusting 
the clearing blade 12, and the rear shaving device 14, 
and the finisher 16, and a chain-tensioning system for 
the chains or tracks 18. Further consumers are, for 
example, fans for cooling the drive motor and cooling the 
hydraulic oil. The snow-trail grooming vehicle 10 has 
furthermore a receiver 20 for a satellite navigational 
system, which is schematically indicated in Figure 1. 
Further sensors detect a slope incline, which means an 
incline of the snow-trail grooming vehicle 10 about the 
longitudinal axis and about a transverse axis. 
Furthermore the snow-trail grooming vehicle 10 can be 
equipped with devices for storing a terrain profile so 
that by utilizing the actual position determined by means 
of the satellite navigational system or further 
navigation systems and an actual traveling direction, an 
anticipating adjustment of the snow-trail grooming 
devices and, if necessary, of further consumers can be 
carried out. For example, it is then possible, when an 
incline lies ahead, to already increase the fan speed, to 
reduce a traveling speed, and to slowly bring the snow- 
trail grooming devices into the position needed for the 
steep-slope travel. The snow-trail grooming vehicle 10 
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has furthermore sensors for determining the resistance of 
the snow and of the snow temperature in the area of the 
snow-trail grooming vehicle 10. Devices, which are 
suited for this, can be designed, for example, in the 
form of several electrodes and/or temperature sensors, 
which make contact with the snow via a rake in the area 
of the finisher 16 or under the vehicle 10 itself. 
[0047] Figures 2 to 4 show the snow-trail grooming 
vehicle 10 which is equipped with further components. 
For example, Figure 2 shows the snow-trail grooming 
vehicle 10 which is equipped with a front snow blower 22 
in place of the clearing blade of Figure 1. Figure 3 
shows the snow-trail grooming vehicle 10 being equipped 
with a cable winch 24. The front view of Figure 4 
illustrates the snow-trail grooming device 10 which has a 
half-pipe shaver 26 in place of the clearing blade. 
[0048] The block diagram of Figure 5 illustrates the 
individual components of the snow-trail grooming vehicle 
and their operative connections. Thus, a drive motor 30 
drives a hydraulic pump 34 through a shaft 32. The 
hydraulic fluid conveyed by the hydraulic pump 34 is 
distributed by means of a distributor 36 to the various 
consumers. It must thereby be noted that Figure 5 
illustrates the hydraulic lines as thick lines. In 
contrast, electrical signal connections are illustrated 
as thinner lines with arrows or double arrows. 
[0049] The driving power of the drive motor 30 is 
distributed, for example, to a right chain or track drive 
38 and a left chain or track drive 40 by the distributor 
36. Furthermore a right chain-tension adjuster 42 and a 
left chain-tension adjuster 44 is supplied with power. _ 
The chain-tension adjusters 42 and 44 are provided for 
changing the tension of the right or left chain, which is 
driven by a respective drive 38 or 40. A hydraulic brake 
39, 41 is provided on each of the drives 38, 40, with 
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which hydraulic brakes during downhill travel the kinetic 
energy of the snow-trail grooming vehicle is converted 
and made available to consumers, for example to a snow- 
trail grooming device. The energy consumption can in 
this manner be significantly reduced. 

[0050] A rear shaving device with finisher 46 and a 
front snow-trail grooming device 4 8 are as further 
consumers connected to the distributor 36. The front 
snow-trail grooming device 48 can according to Figures 1 
to 4 be designed as a clearing blade 12, as a front snow 
blower 22, or as a half-pipe shaver 26. The distributor 
36 finally also distributes the power onto a cable winch 
50 and a fan 52, whereby the fan for cooling the drive 
motor and the fan for cooling the oil are illustrated 
combined in Figure 5. 

[0051] The snow-trail grooming vehicle has a central 
processing system 54, which assumes many control and 
regulating functions in the snow-trail grooming vehicle 
10 and is equipped, for example, with microprocessors and 
stores. The central processing system 54 receives 
information signals from all components of the snow-trail 
grooming vehicle, which components are illustrated in 
Figure 5, and also sends control signals to these 
components in order to carry out suitable adjustments on 
these components. The exchange of informations between 
the components and the processing system 54 is indicated 
by arrows or double arrows. It must be stated in this 
connection that the functional blocks schematically 
illustrated in Figure 5, namely the drives 38, 40, the 
chain-tension adjusters 42, 44, the snow-trail grooming 
devices 46, 48 at the rear or at the front of the snow- 
trail grooming vehicle, and the winch 50 and the fans 52 
also include the necessary control systems and sensors, 
in order to send, for example, the actual position, the 
actual speed or similar parameters from one of the 
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operational blocks to the central processing system 54, 
and in reverse, in order to receive control signals from 
the central processing system 54 and to convert these 
into suitable control systems, and to in this manner 
change, for example, a position of a snow-trail grooming 
device through the control of hydraulic cylinders or a 
shaving speed through control of a shaving motor. 
Moreover also the drive motor 30, the hydraulic pump 34 
and the distributor 36 are provided with suitable sensors 
and control systems in order to transfer informations 
regarding the actual adjustments and parameters to the 
central processing system 54, and in order to be able to 
convert control signals from the central processing 
system 54 into the desired adjustments. For example, the 
central processing system 54 correlates the drive motor 
30, hydraulic pump 34 and drives 38, 40 to one another 
with a sufficient efficiency. For example, it is 
possible to correlate a conveying capacity of the 
hydraulic pump 34 and a transmission ratio of hydrostatic 
gears in the drives 38, 40 to one another. 
[0052] The central processing system 54 receives 
moreover input signals from one or several navigational 
systems 56 in order to determine an actual position of 
the snow-trail grooming vehicle. It is in an actually 
conventional manner also possible to determine by means 
of the navigational systems 56 and the central processing 
system 54 a position of the snow-trail grooming vehicle 
on a stored ground profile in order to obtain 
informations regarding the terrain to be expected in 
dependency of the actual traveling direction of the snow- 
trail grooming vehicle. The navigational systems 56 can 
include, for example, a satellite navigational system, a 
terrestrial navigational system, for example, by means of 
radio or optic bearing of reference points, and an 
inertial navigational system, where the determination of 
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positions occurs by means of a gyrostatic compass and the 
distances covered since a known reference point. 
[0053] Furthermore the central processing system 54 
receives sensor signals of an incline sensor 58, through 
which a slope incline can be determined through the 
incline of the vehicle about its longitudinal axis and 
about its transverse axis, 

[0054] A measuring rake 60 is moreover provided which 
has several measuring electrodes arranged spaced from one 
another and can be brought into contact with the snow in 
the area of the snow-trail grooming vehicle. A 
resistance of the snow is measured between the electrodes 
of the measuring rake 60 and is forwarded to the central 
processing system 54. Pursuant to a control signal of 
the central processing system 54 the measuring rake 60 is 
lowered into or lifted out of the snow. Furthermore 
snow-temperature sensors 62 are provided, which are 
advantageously also fastened on the measuring rake 60 so 
that together with a resistance measurement the 
temperature of the snow can be detected. From the 
detected resistance and the snow temperature it is 
possible for the central processing system 54 to classify 
the snow in the area of the snow-trail grooming vehicle, 
for example, whether artificial snow or natural snow 
exists, and as a result to indicate suitable adjustments 
for the snow-trail grooming devices. 

[0055] The central processing system 54 receives 
moreover informations from a snow-height measuring system 
64. In dependency of the measured snow height it is 
possible for the central processing system 54 to specify 
adjustments for the snow-trail grooming devices, for 
example, to change a position of the clearing blade in 
order to remove snow from areas with high snow and move 
such snow into areas with little snow. 
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[0056] Finally an indicating and input device 66 is 
provided, on which informations transferred from the 
central processing system 54 can be indicated, and by 
means of which adjustments can be specified by an 
operator. The adjustments desired by the operator are 
transferred in form of signals to the central processing 
system 54, which then takes care of the desired 
adjustment of the components. The indicating and 
operating system 66 can, for example, indicate 
adjustments for snow-trail grooming devices and traveling 
speed, which adjustments are suggested by the central 
processing system 54, and an operator has then the choice 
to accept the suggestion or to self-actingly carry out an 
adjustment. Moreover it is also possible that the 
central processing system 54 carries out necessary 
adjustments automatically and informs an operator through 
the indicating and operating system 66 of adjustments 
carried out. 
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